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By H. W. Russell- L. R. Jaokson

This RJportmntaine a detatledaccount of appmx!matelyhalf
of the work plannedon Cmtraot NAW 1659.

The work on this oontmc& oalledfor fatiguetestson three
simplebut basiotypesof spot-weldedtestpieoesmade frun 24S-T
alold.

Thesewere:

(1) A sheetlap Jointto be loadedb repeatedtension

(2) A stiffenedpanelto be loadedIn repmted ccunpresolon

(3) A nomstressed attachment~oint,the sheetto be loaded
h repeatedtensionbut no load on the attachment

The fatiguetestsuere to be run on mouse dlreotrepeated
stressmchlnes. Sincethis type of fat@e machineia of reoent
designand has not had the historyof servloeuhloh,for emmple,
oharmterlzesthe R. R. Mooretyperotary-beammachines,it was
felt desimble to epondooneldernbletime in oallbratlngand stw3y-
Ing the characteristicsof the machine. In the courseof this
study,equipmmt utllizlngSR-4 type straingageEIwiJ8 dfmpa

and mnatructed for studyingthe dynamicoharaoterlsticsof the
maohine. The oallbrationof the maohinesand the stress-measuring
egalpmentare desoribedin the report.

Resultsobtainedso far on lap ~olntacan be summmized as
fcmm’ws:

1. Threety@oal typesof failurewere obsezwed:

(a) On all statictensi& testsand on saae&h-load
fatiguetests,failurewas by shearthroughthe
spots●
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(b) On sum hl@L-lod fatiguetests,spotsfhiledby
pti~ buttonq.

(a) On all low-load fatigue teste,failurewas by oracks
in the sheet originating at the spotsand ertend-
ing frcm spotto spot.

2. On statictensiontests,the load-bearingabilityIn
pomds per spotwas the fumefor a spot spaoingof
3/4 inchas for one of 1< Inches;however,on fati~
tests,the 3/4-tiohspacingwas weakerin poundsper
Bpot.

3. Testsrun at differentratiosof mlnlmumto maxtium
stressMoated that the stressmnge allowablefor
a givenlife fallsoff as the mean stressis Inmeased.

Resultsof testson stiffenedpanelsoan be sunmarlzedas
f01.lowe:

1. The stMfen@ panelsconsistedof hat-shapedstiffeners
spot-weldedto sheetsand were so designedthat failure
was by bucklingof the sheetratherthanby Fmler-
colmn failureof the struotureas a whole. The bwk-
ling produoedtension-typefailuresin the spotwelds.

2. Two thicknessesof”stiffenedsheetwere investigated
(0.051in. and 0.032In.) and two Spot spacings(1+ in.
w 3/4 in.). All tastsso far were run at a ratioof
minimumto XMXimumload of 0.25. Uoept at hf@ loads,
wherethe lii’ewas less than100,000cycles,the thiok
sheetwithstoodhigherloadsthan the thin sheetand,
In all oases,the testpieceswith $/4-inchspot spac-
ing were stror~m thanthosewith lz-inchspot spacing.

3. At a life of 2 x l& cycles,the 0.051 sheetwlthstcod
loadsof about62 percentof its staticstrength,and
the 0.032-inohsheettithstocdloads of 41 percentof
its staticstren@h. At a life of 100,000cyoles,the
@,032-inchpanelshad a strengthof over 70 peroentof
the staticstrengthwhilethe 0.051-inchsheetuith-
stood6d percentof its staticstren@h; thue,for
relativelyhigh loads,the thinnerpanelswere as ef-
fectiveas the thickerones.

.-
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Ho testshave yet been mm cm the mstressed attaolments.The
m oontalnsa detdled amount of methcdsof obtainingthe re-
sultsand a furtherdlsoussionof theirslgnffioanoe.The 24&T

m. .. .
al-- she6tused in this‘investilgatimmw furnished-by-theKlenn.
L. Mb CO., through * oodw of ~~ s= A- W*; ~t-*P*.

. dmlnger seotlonsmre furnished’by the Curtiss-Wri@tCo~oratlon
throughthe oourteeyof Mr. E. S. Jenkins;and the spotwldlng

. d x-~ azemination of weldswere doneat the Wel~ Labomtom,,
at RensselaerPolyteolmioInstitutethrm@h the oourtesyof Profes-
sorWeti F. Hess.

I. R’ATIGURTlST13W3AS APEL~ TO SPOT-UELDEDS.HEEl’

Under Idealcondltlons,an engineerwouldbe ableto mqpute
exaotI.Yall stressesh a @ven *ruoture, - it WO~ t~ be
possibleto deviselaboratoryteststo seleota materialwhloh
couldbear thosestressesmost”efflolently.However,in the de-
signof airmaft (asWSU as ti most otherdesign),thereare manY
parts In whioh it is not possibleto make an exaotomputatim of
servicestressesand partioti4 of the ~temti~ stresses*i*
may be @osed duringthe life of a part. This situationwould
nut be quiteso seriousif it were sufficientto mpplement suoh
designmmputatlons,as oan be made,with static-loadtests on
selectedstructures.Unfortunately,no mterisls and structures
have the sernestrength-r altermt@ or vibratingloadsas
they do understeadyload,and it is thereforenecessaryto develop
Momatlon on the strengbhof materials- of struotaresmade
frcm thesemterials *r dynsmioloading.

It is the purposeof this investigationto developthis type
of Infomuationon the uee of spotweldingas a means of fabrioatlng
alumlnumsheetin alroraftdesign. In orderto keepthe lnvestiga-
tlbn withinreascmablelimits,the work so far has been confined
to the studyof s.$mplebut basicdesignelaments.

*

It Is not to be expeotedthat the data to be developedduring
this Inveotlgatlonwillpetit a designerto prediotmotly the
nuuiberof hoursof flightan airplane,usingspot-weldedalumlnm
fabrication,will deliver;hummer, ths data oan reasonablybe
expeotedto indloatethe relativemerit of spotweldsas ccmpemed
with othertypesof fabrloatlon.It Is hopedthat,In the hands
Of ~lenoed designers,the databeingdevelopedhere will en-
able the relativelyuntriedepot-veldlngmethodof fabrioation
to ffi its properplaoein alroraftoonstruotlonwithout@zig
throughsuoh a long pertodof expensiveW-male trialas might
otherwisebe neoes~.

..—. . ... . —-— .— -
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EVen on a laboratory male, it would be Imprmtioalto inves-
Hgate all possiblecdblnations of steadystressandalternatlng
or fatigue-typestresseswhichmi@t oonoeivably be plaoed on the
structuresunderInvestlgaticm Fortunately,however,this is
not neoes~ shoe the work of many previousInvestigatorsof
fatiguestrengthof nwterialsIndicatesthat the behaviorof a
materialfor all possibleocmblnatlonsof simplestressesoan
be predlotedwith reasonableassuranoeif the behaviormder a
few strategicallyseleotedstressotitions is *.

Ons of the earliestfairlysuccessfulattemptsto desoribe
the effecta steadystressmay have on the range of vibrating
stressa materialq carryindefinitelywithoutfailurewas the
Goodman(referenoe1) Ma&-.

Figure1 showsthis ~. In figure1, th lm ~
is the axis of stress- OH Is the axis of zero stress.

The llne fo is drawnat 45° and the point c is located
at the staticultlmatestress Su. The line cd outsthe stress
exis at aj a stressequalto 1/2 Su. The points d and f are
locatedat plus d minus l/3 Su, respectively.Pointson the
llne ec representvaluesof mean stress.

The diagramstatesthat when the mean stressis zero (petite)
the alternatingstresscan vary from + 1/3 Su to - 1/3 Su in-
definitely,while if the mean stresshas a value ~ the alternat-
ing stresscan vary m.ly frcm k to 1, a rangeless than for zero
m= stress. At the point c (theultimatestrength)tho allow-
able rangeof alternatIng stressis, of oourse,zero.

It has longbeen knownthat this diagramis onlya orudeap-
pr=-tion of experimentalresults,and recentlyJ. O. Smith
(‘TheEffeotof Range of Stresson the FatigueStrengthof Metals,”
Unlversltyof IllinoisBulJ.ottiNo. 334 (1942))has re-examineda
largenumberof fat@e data frcmmany sources,r6presontinga tide
_ of matertalsand otitions. He has made sanemodifications
in the methodof represontlngdata and has broughtout sane inter-
estingrelationsbetweenthe effectof mean stressand the endur-
able rangeof altmmatlng stress. Sincesaue of his observations
aid in the interpretatIon of data obtainedhere, tho pertinent
onestill be reviewedbriefly. &nithuses severaltyposof dia-
~s dep~i% on tti typo of data to be analyzed. F@uros 2(a)

[]
@ 2 b tilustratetypespertinentto this Investigation.Fig-
ure 2 a statesthat,for shearfat1P stresses,the endurance
lMt for anymean 6tress~is constantani equalto the
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Cnxlumnoelimit for mupletely reversed dram as longas
!lhuu(= !I!m+ Ta) Ty. Figure2(b) statesthat for =Ial tenalcn .
stressesthe slhmnablealtercatingstress~ dtishes linear-

n-------- ly with the increasein mean stress. AtiuallY,‘the=Sorlty M.’,. the data thatSmith was able to gatherlies abovethe line dmm, in figure2(b),particularlyat high valuesof meen stress. AS.

I
wi31 be shownlater,the data obtained in this investigationcan
be representedby a diagmm suchas fi~ 2(b). This is ocmsis-:..
tentwith &uith!sfurtherobsermtion thatwhen stressraisers?-!.. suchas z@mhes (inthiB case,spotwelds)are p-emnt, the data
cm fati@e in * w alsobe representedby a dlq suohas
figure2(b) insteadof 2(a).

IL APPARMU3, CAL133W!IQ19,AND !lIMT METHOIS

DeBor@ticm of the Fatigue-TestingMM?tie

The teststo be reportedhere have been run on a lCrouse
fatigue-testingmaohineof 10,000-pounds-nuzzimumload oapaolty.
The maohineoan accommodateindependentlytwo specimensat one
time. A photographof themachine(fi~.3) showsone sample‘
loadedin tens$on~ Mcates clearlythe main featuresof
lmlding.

The variableload is appliedby the loadbg lover A
actuatedby the cam C, whoseeocentrioityon the drivingpulley
B can be ad~ustedto any desiredvalue. The membertmnamitting
the fOrCeto the BpecimeniB guidedby a ~allelogram system of
four Bteel-platefulmrums D whichproducestraight-linemotlm
d directloadingof the sample. The machineis a constantde-
fleotion type. The mean valueof the load is ad@stable by the
1- BOmW ~.

a

The statioload value1S obtained by measuringthe bending
of a fixedlengthof the loadinglever A by means of the dial

F
onthegs& bar I!’.The relationbetweendial readhgs

relativeto a rea with zeroload)and load valuesis given
by a calibrationcurve. This calibrationwas obtained(atthe
fhotory)by deadweightsappliedto the lower specimenholder
for low loadsand by a proy~ ~ ~ plaoe of the speoimonfor
M 10adS. Illpraotioe,dial deflectionsare reoordedformaXi-
mum - minimumloadsas the osm B is rotatedslowlyby -
~ tk 00rreSpd@ la yal~s ~ be te~d hereafter ~
‘stat10 load values.”

_— .. . —.
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The maohlne is equipped with two meohanloal oomters (3, so
@ared to the &iV@ skft ad to l’OCOfione Count for eaohhun-
dxed oyoleaof appliedstress. The countershave a ~ drive
but eaoh~ be reeetto zeroto correspondto the startof a run
upon its ~icular sample. A cut-off H is designedto stop
the motorand,henoe,also the counters,when the load drops
eitherby yieldingor failwe of the sample.

Importantconsiderationsin rmn@ any sampleinclude: (1)
damping the sampleso as to insureUial loading, (2)EidJust*
ad detezmlninnthe valuesof the loadsapplied,and (3)determin-
ing the nwaberof cyclesto failure. The precautionsthat have
been talmnin each of thesetbe respeotswill now be disoussed
in s- detail.

Clamping the Sample

(a) TensionSamples

~ ~qes teet~ ti *emion wereheld h griPs as ~~ in fig-
M preparation,the samplewas mubd for the oentersof

the I&e boltholes in each end by a steeltemplate. The holes
were thendrilled47/64 inohand the oenterhole at eaoh end
rearedto finalsize (3/4in.). The samplewas thenmountedin
the gripsusingonlya oenterbolt at eaoh end. With a moderate
appltedload (aboti100 lb) cm the sample,the remining holes
were reamedto sizethroughthe Mened sleevesin the grip bolt
holes. Aftertheseholeswere cleanedout, the remainingbolts
were tierted. This procedurewas designedto attain~ial lead-
*.

(b) Capression Samples

Figure4 showsthe oanpressiongripsused for the samples
desoribed~ter in this report. A Is a platento whichwas
damped the 5- by 5-inchsurfaceground-ateel ~te B. The
smallplates C and D were used to preventslippingof the
eti of the sample. In practioe,plate C was kept fixedso
that,when the panelof the mampresslonsamplewas a@nst C,
the oenterof mass of the samplewas on the axis of lmding.
Plate D was tightenedagainstthe hat-shapedstiffenerof
eaoh sample.
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Shims (visibleat E in fig.4) were placed between A -
B so that the face of B for the bottcxnc~resslon platewas
perpendicularto the leadingaxia. With a samplestandingcm the
bottcmplate,shimswez% djubt6d far the upper grip so that it8
surface B restedevenlywon the top of the sample.. .

To avoidtwisting the sample while adJustingthe load,a rd
waa insertedin the dlak A and,helilmumally duridgthe adJue&
ment. Later,a olanrp,b-a- to be faatenedon the aupportihg
oolumns,was oonstruoted..This olempw be a&n abovethe uppsn?
ocmqmeastcmgrip in the photographof figure3.

Meaauring the Load
..

..

A methodof meaaurment of loadswhilethe maoh$nela run-
*, US* eleotrioslreaiatanoe-typestraingagea,w developed.

The prinoipleof the meaauringmethod‘lato applyan audio-
i%equencycurrentto a Wheatatone.typebridge,one am of uhioh
ie an SR-4 t3p Al gagemountedeitheron the teat specimenin
whioh.it la desiredto measurestrainsor on a weighbarin aeriea
with the specimen. The periodicstrainin the teat pieceor
welghbarvarleathe resistanceof the gage. This variationin
realatame modulatesthe audio-frequemysignalbeingappli~
to the bridge. The bri~ la balancedhy means of a slidewire.
A oathode-rayosoilloaoqala used a~ a null-pointIndloator.

Figure5 is a viringdiagramof the equlpaent,.and f@ure 6,
la a photographof the ass~bly showingthe variouspartsin
plaoe. In fi.gure5, the parts illustratedare as folJows:

The SignalSome

A la a HewlettPaokardmodel 200A audio oscillator.
While thla oaoillatoroan providefrequenoieafrcm35 to 35,000
oyolea,it la beingused at a oonstantfrequencyof 750 oyclea.
This frequenoy oan be convenientlyf Iltemd” ao aa to eliminate
60-oyclepiokup.

B la a shieldtiisolatingtransformerwith tiPut~ oh- .
put Impedanoea aeleoted to nmtoh the oadUator and bridge~
reapeotivelyo The tranaformr la a United Tmneformer Co. type
LS141 tranaformer.
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The Bridge

C is a dumy-type & gagemountedon a stripof material
dmllar “to the weighbar or teat pieoeon whioh is mounteda
BimlUm w D. These@gee have an approximateresistanceof
120 ohmsd the dmmy gage is mountedas closeto the measuring
gageas possiblein order to secure temperatma compensation.
Thesetwo elementsfcm twa mm of the bridge. The othertwo
arms are made up of resistanceelements E, F, G, H, I, J, and
K, whichme selectedto make, roughly,a 1:1 ratiowith the
SR-4 elemmts.

Resistmces E, 3?,and R fozma resistance ccmblnatlonof
apprcmlmately146 ohms. Resistances I, K, and the decadebox
J fcuma wiable resis+ace omblnationwhich can be Vazzied
to suitthe pm%icti gages (C and D) being used,so that
when the slidewire G is set at zero,the bridgeIs balanced
for zero strainon D. The elidewire G is a Leeds!%Northup
Kolraustitype slidewire which is dlvldedinto 1000 divisions.
The sensitivityof the bridge3s suchthat one dltisionon the
slidewire correspondsto a resistmoe changeof about0.0009
ohm In gage D. This changeIn resistanceIs equivalentapproxi-
matelyto a stratiof 4 X 1.O-S Inchesper inch.

On acoountof straycapacitmces,it 1s necessaryto inseti
scme capacityin one am of the bridgeIn orderto obtaina bal-
ance. ‘I!Mscapacitanceis shownas T in figure1, and has a
range of 40 to 1000 f. T is chownin arm C; however,it my
be hserted In whateveram that~ be requtiedto obtaina
balanoe.

The Detectorand Ihd&Polnt Ird.icator

The detectorctrcuitincludesa high-qualityshleldebtype
87AllStancorlsolatlngtransfo-r L, whloh~tohes the lrapod-
mce of the bridgeto the amplifier M. This ampllflerIs a
DavidBogenCo. typeE14 empljfierwith a variablegain frcm O
to 125 db. The amplifiedsignal IS then passedthroughtwo fil-
ters, lVandP, designedto selectthe band frcm 500 to 1000
cycles,and the filteredwave is shcnmon the oscilloscope.

.

N is a Oeneral Rad30 type 830-B,500-oyclehigh-~ss fil-
ter,snd P is a GeneralRadio type 930-E,1000-cyclelow-pass
filter. Q is a IhMmt type 168 osoillo~ph. AU leads
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oauueotingthe various

uiblesand the shields
groumied. “

.-...- -,.

portlcmsof the equipmenteuw in shielded
of all oahlesend tmmsformersare

.. . . f------ -
Severaltests were made with the stmi.n gage D on the

sampleItselfand the dumy gage C cm - unstrainedsample
nenrby. It is time-conemingto use a new gage with eaoh eemplej
moreover,a we on the eempleis sub$eotto emor at hlgb loads
when the sample18 yielding. On the otherhand,a nighbar in
serieswith the sampleoffersdiffloultiesin mountingthe semple.
Henoe,sanememberof the msohineitself,whlohwouldshowap-
preciableatnaln~i~ to the load,was sought.

A oonvenlentarrangemmt provedto be this: Gage D was
mountedon the platefulorum K (in fig.3), while C was
mountedat M. Thus, C servedas tautpe=turemmpeneator to
D and also,sinoe M Is in tensionwhen K is in ocxttpression
- vice versa,the arrmgment offersreasonablesensitivity
despitethe relativelysmallstrainsin theseplatefulorume.
It shouldbe notedthat the atzainin gage D, owingto the beti-
Ing of K, Ie &gely cmpensated by a strainof gage C, _
to concurrentbendingof M. Exceptat *reunely low loads (less
than 50 lb), the readingsof the slidewire in the brid~ oirouit
are linearwith oorrespcmdingvaluesof statioload. Moreover,
w~ =-s tim thisw arraqyanent give valuesagreeing
with thoseobtainedby usinga etrain@gs on the speoimenitself.
(Theslightdiscrepanciesat low leadsoan be eliminatedby an
ammgement wherein D oonslstsof two strain@@s mountedupon
oppositesidesof plate K and wiredin series,%Mle C is a
S~ ~nt won ~te M.)

One reaacmfor the reproduoibillty(ueualJybetterthan 1 per-
oent) of dynamiolmd valuesobtainedwith the electriostrain
gagesOonoernethe oallbrationmethaladopted. As an example,
aqppoaeit is desiredto obtain dynemio valuesfor saw pm?tlaular
loading. Theoamfs tmmedby hand~rse,dlnge of the dial gage
= of the elidewire uo recordedfor maximumlmad,forminimum
load,and for two or threeloadsin betweenthese. This affords
a oelibrationcurvofor the strain@ge, Now the I&ouee~ bar
Is rammed, the motcm is *od, and dynemiovaluesformazlnnm
and minimumleads- read fra the sIidewire. The maoMme is
now stoppedand the oalibnationrepeated. Thus,any shiftin the
st~b~ oalib~tlon caused,for exsmple,by l.aokof ccqpleto
temperaturecanponeation,is notetl.If suoha shiftis a~oiable
(tich oooursonlywhen tho stmin.ga,gg oircmit has been rsoently
turnedon - haa not reaohodequillhiun), tho readings am all
repeated.

..-.
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Many teats by the methoddesoribedabwe Indioatethat the
“@mmo throw”(max.loadminusmin. load when the maohineIs
running)is about15 peroent greater than the “statiothro#
(differencebetweenmax. and min. loadswhen the @m 1s elovly
turnedby hanl). That this throwinoreaseis due to inertiaof
the movinglading leverwas oonflrmedby testswith a sertesof
straingagesmountedalongthe top of the loadlnglever (at N,
O, P, eto. in fig. 3). The gageat lV showedsuohadynsmlo
inozmase,the one at O showedlittledifferencebetweendynemio
throw~ staticthrow,whilegagesat P, Q, and R eh~c etatio
throwsmore than dynemiothrows. Theseobservationsare msdily
understoodif, beoaueeof inertia,the bend.lngof the centerllne
of the loadinglever Is al= the llnessketohed In figure7. In
suoha ease,the stratiat N wouldbe greaterdynemloallythan
statloallywhilethe strainat P, w Q, or R wouldbe
greaterfor statiodeflections.The point O is at the place
wherethe strainis the same for both statioand -c omdi-
tions.

All the tests that have been tried Indloate that, with the
calibrationmethodused,straih-s on the plate fulcrums K “
and M are satisfactory.The graphplottedin figure8 indioatea
that the dynemlothrow is dlreotlyproportionalto the statio
throwfor a tide rahgeIn mean loadad for speoimenevarying

.widelyin stiffness● The pointsshownon the graphwere obtained
for (1) a stiffenedalumhnu panel (typeI))loadedin cwrpres-
sia, (2)a east-ironpipe aBout5 Inohesin diameterand 3/16
Inoh In uaU thichess loadedh oqpresslon, (3) a steel“plate
about15 inohes10

Y
and 2 by 0.093inoh in orossseotlonleaded

In tension,.and (4 a spot-weldedO.040-inchsheetof alzmdnum
with welds3/4 inchapartloadedin tension. It till be noted
that the experimentalpointsfaU upona straightllne with con-
sistency. A slmllaroalibratloncurvewas made for the right-
hand sideof the ~ch~. It shouldbe noted,sinoeIt does not
appearon the mph, that the dynemlomean load had, witiln
axperlmentalerror,the samevalueas the statiomean load.

h view of” the oonsistmncyof pointsfor suohplots,it
seams~uetifiableto adopta graphsuoh as figure8 as a oalibra-
*ion ~~e. ~ the desired-O throw,the oorreepcnd-
Ing staticthrowIs obtainedfrcmthe oallbrationcurve,and the
lcding is aOne statioaUy.
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Measuringthe lhanberof Cyole8to l?hilure

..
The fatigue-testing maohlne uaa originally equippedtith

eleotrioallyoperat@l counters.. Diffioultleswith theseresulted
In havingthem replaoedby the me-ti ‘oomtersal%e-adymen-
tioned. Theselater oountersare now operatingSatlsfhtimily.

The out-off(Wioh stopsthe mwhlne *en a testpieoefalls)
oaneistsof a mioroswltohoperatedby a ohangein the defleatlon
of the oenter of the loadlng leverwith a ohange h the maximum
load. The mdlon available la only about”0.0035Inohfor a ohange
In mazhnwnload of 100 pounds. With the present~, -
~toh oan be made to operatefor a motianof 0.015Inoh,whloh
ocmrespodsto a ohangeIn load of 430 pods. The Ooneistenoy
of this ‘oriterlonof l%llure”Is, of oourse,betterthanthis
In the sensethat out-offoooursat nearlythe same (withinabout
80 lb) decreaseIn load for all -es.

The RoutineAdoptedfor~atigm Tests

In crderto treatall sam@es ooneistently,a routinepro-
oedureof loadlngad oheok@g sampleshas been established.EaOh
_le iS l~peotd for rou@ ~es or visibleflaws. The perti-
nent dlmensloneof eaoh sampleare reoorded. I%an data obtained
on previoustests,a loaddesignedto give a desiredpointon the
S-N curveis sel.eoted.-ng the dynamlothrowassigned,the
statlovaluesat whiohthe maohineshouldbe set are ccauputedby
usingthe _ic throwoalibzatlongcaph (flg. 8) forthe partlou-
W machine. Usingthe oalibratlonconetentfurnishedwith the
maohlne,the dial readingsto whlohthe load Is to be set are oca-
puted.

The sampleis thenplaoedin the olarnps,with the preoauti~
alreadynoted,and the loadingsorewand the mm ecoentrlcltyare
adjusteduntilthe desireddial readings (wlthln one-third dial

dlvlsicm, oorrespondlng to about 10 lb) are obtained. Now the
machine la run for 1000 cyoles,&urlngwhich the mean load often
decreases. The load is ohedcedand, if ~oess~, restoredto its
originalvalue. The maohlneIs startedand, afterthe out-off
ad$zetmetihas been oheoked,Is left rmnlng.

All ~ti_S are Oheokedfrequently.A ohecklnoludesOounter-
~~~~ maMng of -Imun and mlnlmuraload, a oheokon the cut-
off *uStllleti,W Oarefulvisualexmnl~tIon of the s@@O.
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III. MATERIAIS, T& PIE0E3,aPur—wEUIRwH

Materials used In Tests

Testsrun so far have used 24S-Tal.oladsheetIn three
thicknesses:0.032,0.040,and 0.051Inoh. Shoe, In all tests,
pr- interestIs b the behaviorof spotwelds,the properties
of the sheetmaterialItself- not to be sttied beycmlsecur-
Ingassuranoethat the @eet is representativeof its olassof
material. Pack canpresslontestson oouponsout from sheetsused
in inkingthe samplesdescribedIn thisreportm now beingrun
at the ldmlnmu o&npanylabm?atorythroughthe oourtesyof Mr. R.
L. Templln.

TableI showstypioaltensionand oanpresslondata on 24S-T
alcd.adtaken- the AluminumCaupanyResearohLaboratory,
TeohnlcalPaperIfo.6, publishedby the Alumlnumcaupany In 1942.

TAPLE I. TYPICALMECBNYICALPROPERT= OF MS-T ALCLAD

FRCM MUMIHUM 00MPAMYTECENICALPAPERNO, 6

Sheet Tensile Yield Canpression
thlok- strength y Elmgltion yield
nesa 2 In. stren&th

petient 0.2 peroent
(in.) (lb/sqIn.) offset offset

0.032I 64,600 I 51,000 I 16.0 I 42,000
\

.051 66,900 II51,600 19.0 41,200

● 064 66,300 51.,400 19.0 42,200
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Test Pleoes

- Tensiontests,- The I.apjolnttensiontest,pleoemtestqlso

fm oonsistedof stripeof O.040-inoh-thiok24S-Talcladsheet9
Inoheslong and 5 In&es tide oti parallelto the dlreotionof
rolllng d Joined by a lap weld with an overlapof 1 inoh.

Two weld spacingswere investi@ed: 3/4 and 1+ Idles.

The samplesusingthe 1~-lnokspmlng had four spotsIn the 5-lnoh
uldth,whiletQe samplesus- 3/4-lnohs~cing had six welds. In “
both oasesthe dis~e franthe centerof the singlerow of spot
weldsto the edge of the sheetwas 1/2 inoh. Figure3 showsa
sti-wsldtest pieoein themaohlne.

compresslon tests.- The compressiontest pleoesoonslsted
of 24S-Talcladsheets4* inohestide d either0.032or 0.051-
Inoh-thlok,spot-weldedwith two rows of spotsto Curtiss-Wright
=-112-32 hat-shapedstrl~er seotlons. The stringersections
weremade frcanO.032-inch24S-Taloladfor all testpieces. Di-
mensionsof the stringersare shownin figure9. Two spotepac-
ingswwe usedfor each sheetthickness. In one,the spotspac-
ing was 3/4 Inchexoeptnear the eti wherethe spotsare looated
1/8, 5/8,aii 1: Inohesfromthe ends. In the seoondtype,spot
~clngs were 1* inohes except again near the ends whereaddl-
tionnlspots, spacedas above,were inserted. Figures10(a),
lo(b),U(a), n(b), U(c), arxlU(d) Uustrate thistype of
speoimen.Aftermilling$he ends squarethe test pieceswith 1~-
mh spot spacingwere 15= incheslong,whi.lothe oneswith 3/4-
inoh spacingwere 15* tioheslong. Some engineeringdata on the
stiffenedpanelsectio.neare listedbelow.

E@neering J.kLtaon StiffenedPanelSeotions

(1) StringerSeotionAlone

Area,0.165squareinoh

Distanoeof oentrdial axis franbottcm edge of
stringer,0.465Inch
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Manentof inertiaaro~ cemtroidalaxis,
0.0723 lnoh4

Radiusof @ration around Centroiaal axis,
0.665inoh

(2) Strhger Spot-Weldedto O.032-InchSheet

Area, 0.309squerebob

Width betweenoenterllne of spots,2.7 Inohes

Distame of mntroidal axis fraufaoe of panel,
0.284 imh

Mxuentof inertiaemouudoentroidalaxis,
0.0617inoh4

RadiusOf ~tion aroUnd.CentrOi&alSXiS,
0.448Inoh

(3) StringerSpot-Weldedto 0.051-InchSheet

Area, 0.395Squmi Inch

Widthbetweenoenterllne of spots,2.7 Inches

Distanceof c!entroidalaxis from face of panel,
0.238inch

Mment of
inch4

Radiusof
tih

Inetiiaaroundoentroidalaxis,0.0620

~tlon aroundcentroidal=is, 0.397



T~e

spe~
imen

conl-
pres-
sion

Com-
pres-
eion

Ten-
sion

Thiok-
nesss

(in.)

0 ● 032 6X
0.032 pl

0.032 sr
0.051 pl

0.040

TABLEII. WELDINGCONDITIONSON SPOT-WELDFATIWE TESTS

>Seconds
Peak
amperes

,30,400

32,400

41,800

Y current
Timein
milli-
Be

p%il

16

16

18.5

:onds
Time

62

62

67.5

ElOc
t——

Upper

2{ R
dome

2+”R
dome

4B R
dome

!Ode
)s
Lower

Lx;o

II

* Xloo
fI.at

411R
dcme

1
Weld-
ing

pre~
sure

(lb)

800

800

1600

,ectrodepressure
FOI

Hax-
imum
value

(lb)

2400

2400

2400

P MD ressuro
Time from peal

current
mill

-5
etart

1.2

la

9

‘Totalttiefromstartof weldlngcurrentuntildeoay to 10 peroent.

‘Oondenserdioohargetype of welder.

‘sr = stringer, pl =panel.

Oeconds
To

mximum

110

110

28

Surfl
Paint
removal

degrease

Aoetone
trichlor~
ethylene
vapor

Acetone
trlohlor~
ethylene
vapor

l!lavy
Speoi-
fioatioI
C-67-O

le trea
RemoY-
i~

oxide

RoP.?.
sol +4

R.P.X
sol +4

R.P.I.
Solno

sent
8hsar
6trengtl
single
spot

(lb)

460

505

602

G1
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Spot-wel*Yhlta

The spotweldingon aU testpieceswas doneatRensselaer
Polyteohnio Institute.“TableII suwmi~es their hf-tia on
Spt-weldlngCdltions . A letterframRensselaer Polyteohzdo
-titute lmdioatesthatmore detailson the surfacetreatment
of’the sheetwillbe avahble In otherreports.

IWlldnationof welds.- An x-ray eramlnatianof all welds

was oonductedat RensselaerPolytechnicInstituteml indications
were that all welds on test piecesreportedhere were sound.

A metallographloernmlnationof someveldswas made at
Battelle;figure12 IIJ ustratestypioalueld structures.Measure-
ments of severalweldsindloatedthatthey had the followlng&lmen-
8ions.

Dlsmeter of Depth of

T~ of weld melted zone penetration
In weld
(Ill.) (peroent)

0.040- to o.040-hoh sheet 0.22 50

0.032-to 0.032-inohsheet 0,155 70 to 60

0.051- to o.032-lnohsheet . 0.160 60 to 70

Iv. mmxJE TE9Ts m LAP-mm

~ seotlonII, the methodof making
described.TableIII liststhe typesof

TENSILETlms

tensionfatiguetestsis
sampleused in testsre-

ported here and statiostrengthsof the varl&s types. Statlo
tensiontestswere run on a 20,000-pound EaldwlnSouthuarktest-
ingmachine,usln&the samegripsandmountingteohnlqueas for
the fatigueteets.

Fatiguetestswere designedto obtaindata for plotting
familiesof load-lifeourvesat constantratIos (R) of mlnhnm
to mazinumltiress. Threeratioswere used:R =0.2~ 0.5(3and 0.75.

It was noted In seotlonII that,on the 10,000-poudEYouse-
type fatiguemaohine,a drop in load of about430 poundsw

. .
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required to aotuatethe cut-offmeolianlsmwhioh atups the maohlne
and marksthe end pointof the test. This oharaoterlfilcled to
sane~ff Icultyin determininga properorlterionfor failure;----
pmticularlyat low loads,it uaO foundthat fati~ oraoksstarted
sanetime beforetheyresultedin enoughohangein loadto aotuate
the cut-offmemem. On accountof this,the test pieceswere
examinedfrequentlyduringthe progressof the test - the num-
ber of cyclesat tiiohcraokswere firet observedme noted;the
nuber of oyoleswherethe maohlneatoppedwas also recorded. It
was not alwayspossibleto observethe beglnnlngof the oraoks;
however,afteroonsidembledatahad beenaccumulate, it was
foundthat the ratlo of the nwnberof oyoleefor whiohcrackswere

- firstobservedto the numberfor whichout-offoccurredvariedfran
0.5 to 0.8. As mightbe expeoted,the highervaluesof this ratio
are associatedwith the lowestnumberof oycsles.For cut-offin
lessthun 100,000oyoles,it was neverpossibleto observeomcks
beforeout-off occurred.

Table IV suumbarlzesfatigueresultsfor the slx-sputmmples
and tableV summarizesthosefor the four-spotsemples. The data
are plottedIn figures13 and 14. ~ these figurespointsare
designatedby elongatedcrosses. Valuesfor cut-offare plotted
at the intersectionof the orossand the lengthof the horizontal
memberof the crossis extendedtovardthe axis of stressto the
probableoriginof oradcing.

TAEL2 III. TESTPIXCESAND STATICSTRENGTHVALUESON

LAP-WELDTENSIONSAMPLES-ALLm PIJ!CESwERE

MIUlllEROM O.040-lNCH-THICK249-TJ%LCIADSHEET

Sample
nuniber

3A-1

3A-9

3A-27

3A-30

spot ‘Number
m- Of
% spots
(In.)

3/4 6

3/4 6

Rupture
load

(lb)

2400

2460

3540

3590

Rupture
load

(lb/spot)

600

615

590

598

Type of failure

shear througjbsnot

Do.

Do.

Do.

..

I
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TABL1 IV. TEHSIO19l’ATIG~ TEST -SULT OMSPOT-WELDMD

JOIITTS 19 246-T WELDED 0<040-IMCH-SHSBT THICKHESS

Sample
number

>2k
3A-23
~

W9
*3
*1
x-
w- ii

=11
3AB-12
W-33
3A-31
M-32

3A-26
.Wg
W-9
~-ll!!
*2’
3H6
3A-20
3A-15
3A-13
*g
Ma;

3A-19

Total
max-

load
(lb)

775
900
900

1050
1050
1200
1500
1800
2100

900
1050
1350
1650
1650

lgoo
21.00
2400
1200
1350
1500
1650
lWO
210!)
2400
2700
3000
3300

SIX SPOZS SPACBD 3/4 IliCH

hax-

I*
150
150
175
175

250
300
350

150
175
225
275
275

300

h
50

200
225
250
275
30CJ

?’0
45:
500
550

Ratio

Mh. etres~
Max. streaf

0.25
.25
.25
.25
.25
.25
.25
.25
.25

.50
●50
●W
:YJ

.

.50
,50
,50
●75
Q75
●75
975
●7.5
●75
975
●75
:;;

@31.es t
First 01

served

maok

135,90C

129,300
94,200

174,700

gg ,000

W,000

cycle8 to

failure

2,973,00
257,L
6jg,ooo
176,W0
261,000
a6,000
::, &

3;400

5s127,~
1,039,400

223,W
31,200
g7,000

6g,ooo
31,700
7,100

0,517,600
2,950,000
490,000

1,1OO,W
593,000
3137,400
143,000
205,goo
107,600

400

LAP

tie of break

~atlgue maoks

Do.
Do.
Do.
DO●

Do.
Do.

Shearand bonding
shear

Eatigue craoks

Do.
spotspulled
Failureappears
both as fatigue
and tension

Sheartype
Fatigue craoks

Fatiguecraoks
Do.

Sheartype
~atlguecraoks
Bheartype
5hearbreak
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TAELM T . TEESIOII ~ATI(HJB TEST RESULT 011SPOT-WSLDrnDLAP

JOIYTS IM ~49.T WMLDIBD 0.040-IlfCESEHUZ TEIOKlllSS

6a@e
number

!Otal

load
(lb)

600
;:

1000
1200
i500
1620
1200

Efoo
1000
1400

950
iooo
1000
1100
1200
1400

1600
2000
2200
Z600

-. , . .. .-, ,

FOUR SPOT S.SPAOmD 1

load
[lb/
Qot:

l~o
175
200
250
y

ii
32

200
250
350

237
250
250
275
300

?00
50

500
~

?0

Ratio

Min. Stress
Max. stress

0.25
.25
.25
.25
.25
.25
.25
.25

.50

.50
● 50

●75
%75
875
975
975
975
●75
●75
875
975

3yoles to
Ftret ob-

Semed

Oraok

420,000
lgg,750

515,500
152,100
60,000

10453s700

4Ef9,000
L,1S2,JO0
684,Joo

220,000

200,000

..=. -.

IECHES

Oyoles to

failure

5,9%.100
1,30g,2do

7 ,600
J? ,600
25,200
3,600
1,000

1>3,000

964,500
1,053,000

70,200

2,ga4,600
2,373,700
3,200,000

W ,300
1,761,600

936,000
:33 m:

r1,200
3,380,000

be of break

Xatigue oraok ‘
Do.
b.

Shear
Do.

Do.

Fatigue or&ok

Do.
Do.
Do,

Do.
Do.
Do.
Do.
Do.
Do.
Do.
DO.

DO ●

no.

—
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The data presentedabovewere obtainedf’orthreevalueEIof R.
l?oruse in design,.it wouldbe usefulto have sane information
aboutthe effeotof a widerrangein R and, ~iculYt to
make saneestimateas to the rangeIn stressallowablefor oun-
pletelyreversed stress. A mdifioation of the methodsusedby
Suithand describedin seotionI tiowa suoh an estimateto be
made.

Smithobtainedthe relationshownb figure2 by UElngpoints
on fatiguecurves(suchas thosein figs.13 - 14) at the endur-
anoe limit (i.e., for Infiniteltfe). Havingthe cxnpleteS-N
ourves,it is also posslbloto plot ourvessimilarto &nith’s
mrvs for constantbut finitelives. This has been done in fig-
ure 15, usingconstantlife pointeon the curvesin figures13
and 14 to providedata for the mrves in figure15. SinceSMlth
was interestedin ccsupwlnga tidevarietyof materials,It was
neoessaryfor him to use dimensionlessratiosof ultimatestrengths
for his ooordlnates.~ this case,sinceonly one materialis in-
volved,it is not necessarytc use the ratio of mean steadystress
to ultimatestrengthon the axis of absoiseas;moreover,sincethe
life for completelyreversedstressis not only unhmwn bti is the
quantitydesired,it is not possibleto use the ratioSmithuses
for ordinates. In view of this,the mdinate in figure15 is the
halfrangeof alternatingstress. The ourvesin figure15 w8re
obtainedIn the followlngmanner. The pointsshownwere cauputed
&cm figures13 and 14; thesellnesweredrawnthroughthe point
representingstaticultfmatestrengthand as many pointsas pos-
sibleon the ourvesof oonstantlife. It till be notedthat,in
agreementwith Smithfsdata,pointsfor high valuesof mean stress
lie abovetho lines so drawn. The intersectIon of thoselines
tith the stressrangeaxis Is an estimateof the allowablevalues
for ccmpletely reversedstress. Whilethe extrapolationof the
axis is beyondwhat good practicewouldreoommend,the extrapo-
latedresultsagreereasonablywell with scme reversedstress
fatigue data on single spots obtainedby Mr. Templin. Whilo this
agrement is not sufficientto inspirecompletefaithin the extm-
polatlonshownin figure15, the indloationsare that estimates
so made wIJJ.not be too far off.

The Mechanism of FatigueFailures

Duringthe oourseof testing,it was obsezwedthat therewere
th&e distincttypesof failure,dependingon the load and method
of test. In statiotebts,failurealwaysoccurredby shearthrou@
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the spots. Figure16 la an euempleof thla type of failure. Tables
~ and V desoribethe type of failureoocumlng in fatigue. It
vlll be notedthat,at hl@ valuesof alternatingstress,the fa-
ti@E ‘failureseitherreaemibledthe etatlofalluren.(fig..l6).or..
“buttons”were pulledout at the spotsas ehcmniIn figure17. At
lowerstresses,failurew by propagationof oraoksIn the sheet
betweenspots. These oraoksoriginatedat the top of eaoh spot.
Figures18 and 19 lUu8trate this effeot.

Micmoexadaatlonof FtiledSpots In

Iap-JolxrtTensionTestPleoes

Metallogmphicwork was oamied out to seoureInfommtionon
tk Ori*, looat ion, and propagaticm of the fatigw ~=o~ ●

Spe@nen ~q-23 (seetableV) leadedat 175 po~ per spot
at 0.25 rat10 was seleotsdto showweldssubJeot@ to oa@ete
failurefrom fatIgue cracklngc F@Jr9 20 showsfourweldsfrcm
this specimen,two of whlohwere seotlonedalongthe direothn
of appliuhlon of stressand two perpcnddmal~to this dlreotion.
Craolclngwas presentonly in thoseplanesalong the line of load-
ing. The patternsof oraoksshownin figure21 were typloalof
thoseIn all the tensilesamples,In that the arackswere looated
at oppositesides@ ends. Under especiallysevere loads, ormks
sanetlmes startedin the opposited.lreotionfromthe normalbreak-
pres~bly ocourrlngafterfailure.

To studythe pointof fatigue-crackInception,a weld frcan
specdmen3A-24 (seetableIV) whiohhad been -r a low stress
for nearly3,000,000oyoleswithoutshowingany visiblesigns
of falll.urewas selected. Figure22 Indloatesthat cracksstart
at the pointwherethe unmeltedoenter~@n~ owtlng pro~eots
intothe weld ZOne. Althoughpipingand inclusionsSaletimes
were foumiin this area (fig.23),the ~ioulex welds in fl=
Ure 22 are very oleanand showlittleevidenoeof these. Thus,
failureprobablyoocurredthrou@ the notoh oausedby the te--
tlon of the two sheetsIn the weldmaldnga fatigue nuolew at
thispetit. After startiq, the oraoks
demlmitioregionout to the edgeof the
thS weld 8XiE.

~Wwtzd throu@ the
sheet perpendloular to

.

.f

. .
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Specimen
number

A-9

B-3

C-8

D-lo

TABLEVI. SIYUl!lXlC~IOl!l TESTS ON

SI- PANELSECTIO~

Panel
thiuk-
nese

(in. )

0.032

.032

,051

.051

spot Load
Spadng at Whioh

buckling
starts

1+ I 3000

3/4
I

5020

Msxiluum
load
befare
failure
(lb)

9,020

8,350

U,720

9,520

Wnber of
buokMng
waves

4

4

3

3

The resultsof mioroexsminatIon of failuresin spotwelds
in lap ~olntaIn tensionoan be eumaarizedby sayingthat no
evidencewas foundin whichthe metallurgicalconstituentsor
struotureof the weld had any great influenceon the type of
failure;that is, in all oases,failureappearedto be associated
with the notch as a notohratherthan the type of nmtal structure.

V. COMERINSIORFATIGUETESI!SON STIZTEKEDPANELSEcTIom

The stIffenedpanel seotlonsme describedin detailin III.
They oonsistof Curtiss-WrightSS-112-32hat-shapedstringers
made &cm 0.032-inch24S-Talcladspot-weldedto either0.032-
or O.051-inoh24S-Talcladsheet.

TableVI identifiesthe test piecesand summarizesthe results
of statictests. “

~au tableVI, it 1s evidentthat the bucklingpatternis not
dependenton the spot-weldapaolngfor the two s~cings used.
Observationof both the static~ the fatiguetestsdld not
deteotany tendencyto buoklebetweenwelds. The half-wavelength
of the buokllngpatternin the 0.032-inchpanelswas abcut2 tithes,
whilethat in the 0.051-inohpanelswas about 2.55 inohes. In the
0.051-inoh panels, the half-wavelengthwas almostequalto the
dlstanoebetweenrows of spcts. Dur+hgthe fatiguetests,the
buokllngpatternwas observedstroboscoploallyand found to have
the samepatternas on the statiotests.

——
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TABLE VII, COMPRESSION TATIGUE mSULTS ON

0.051.INCH 24S-T ALCJJADSTIFFENED PANELS

Sample
number

C9

C3

C4

C2

C6

Clo

C5

C7

D7

D2

3)1

D8

D4

D3

D6

D9

Maximum
1oad

(lb)

9350

8500

8275

7626

7600

6900

6750

6500

7250

7000

7000

6500

6500

6500

6250

6000

Cycle8 to

failure

11,700

169,800

220,000

263,700

217,000

165,000

1,500,000

4,000,000
(did not fail)

900

66,000

66,800

290,000

42,600

22,000

638,000

10,558,600

Ratio
Minimum loa~
Maximum load

0,175

.25

,170

,173

.164

.162

.250

.200

.25

.25

.25

.25

.25

.25

.25

.25

spot
spacing

(in.)

3/4

3/4

3/4

3/4

3/4

3/4

3/4

3/4

1*

1*

1*

1*

1+

1*

I*

l%
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!J!ABLEVIII. COMPRESSION FATIGUE RESULTS ON

0.032-I17CH 24S-T ALCLAD STII’FINED PANELS

Sample
number

A6

A1o

A3

A5

A2

A7

A8

(re~~aded

B9

B5

B1o

B2

B6

B1

B7

B8

B4

B4
(reloaded

Max-
imum
load
(1%)

7218

6498

6000

5496

4500

3996

3498

3996

5500

5000

4450

4080

3980

3525

3500

3300

2550

3500

Cycles to
failure

63,600

144,000

167,900

252,900

812,400

815,200

20,000,000

1,202,420

3,140

58,000

104,000

62,000

309,600

1,530,000

31,200

2,127,600

~z,ooo,ooo”

7,500,000

Ratio

Lnimum load
~ximum load

0.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

spot
spac-
ing
(in.)

Remarks

Did not
fail

Did not
fail
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The fat@e data on the 0. 051-lnoh stiffenedpanelsems
summarizedin tableVII}andthoseforthe0.032-lnohpanelsIn
tableV’JII.The data for all fourtypesare plottedIn figure

... . .. - .24.... -

In tableVII, It will be notedthat ratiosof mltium to
mxrtim stressIn the C-typespectmensare not oonstant. Scxne
of these specimensvererun shortlyafterthe IWousemaohine .
was deliveredand beforeit was fowd necessaryto oalibrate
the maohlnedymwaloally.Thus;the pointsshoimas ourveC in
flgure24 do not properly belong together. However, it is evi-
dent that the slope of C will not be far differentfrau that
for D, and that the ourvesfor the O.051-lnohpanelsare muoh
shallowerthan thosefor the 0.032-lnohpanels. It wll.1alSO
be notedthat,,fora givenload,the sampleswtth the 3/4-tiah-
spot spaolnghad longerlivesthan thosewith 1~-inohs~clng.

The ordinatesin fl~m 24 are total compression load ad
the relationbetweenthis load h the tensionstresseson any
spot is not linear. The tensionstresson the spotsis very low
untilbuokllngstarts;at that pointtensionstressasbeoaue
appreotableand Inoreasemore rapidlyfor the thicksheetsthan
for the thti one for furtherincreasesIn load. Rear the en-
durame Mmlt the O.051-lnohpanelshave a fatIguo strengthabout
62 peroentof theirstaticstre&th, whileon the thinpanels
the fatiguestrengthis onlyabout41 peroent. At higherloads,
srd for shorterlives,the thin psnelaare more efficientthan
the thiokones. For example,at a llfe of 100,000CYO1OS,the A
samples(3/4In. spaoing,0.032in. panel)have a fatiguestrength
over 70 peroentof theirstaticstrength,whilethe D samples
(1* In. spuolng,0.(X51In. panel)have a fatiguestrengthabout
68 psroentof the statlostrength.

In view of theseresults,them would appearto be er-tis
in favorof the use of thinpanelsudar sane oondltions. Ano+Jmr
cmwequenoe of the testwas the observationthat therewere no
fatZguefailuresat loadsunderthoseproducingbudCllng. Another
way of statIng this observationis thatwhen buo~lng Is observed,
fatiguefailuresmay be erpeotod. This stateof affairsis proba-
bly a conmquenoe of the spat spaoingand type of buokillng.If
ths spotshad been far enougha- so that buo~lng ocmrred be-
tween spots, It 1s quiteprobablethat buokllng would.not be so
stronglyassoolatedwith fitigue fkd.1.ures.

Furtheroonolusione my be @stifled uhen otherstress
ratioshavebeen orplorod.

..
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The Mechank of Fatigue FailuresInStiffenedPanelsUhder

Ccmpresehn and Microstructureof FailedSpots

I’igures 9(a)to l-l(b)showtypicalfatiguefailuresin
the fourtypesof stiffenedpanels. in aIl cases,the first
opotwas a tensiontype. Ueuallythe failureof one spotwas
followedcloselyby a tearing~lure in the spotsimmediately
addaaent.

A varietyof crackpatternswas obtainedIn the sectioning
of weld~In the stiffenedccmrpresslonsamples. However,lncep-
tlon of cracksoccurredIn the samelocationas those In the ten-
sile specimens- that is, at the pointat whichthe alclad proj-
ectsintotheweldzone. It shouldbe keptin~ h exe@n-
Ingthemicrographs In this sectionthatthey do not lncludothe
firstspotto break,sincethis spotwas alwaysdamagedtoo much
for examination.Thus, cracksobservedare not neoessarlly
typicalof the firstspotto fall. .

For welds, sectlaned In the direction of stressapplication,
tiichare adJacentto the firstfailureIn the campressicmsample,
cracks appwmd both at the point of alcladprojectionb the
dlrectlonof the sheetsurfaceand f!rcxnthe samepoint In the
“main axis of the spot vdd, Figures 25 and 26(a)show the type
of failure occurring In the sems Spot. Figure 25 iS d.SO of
InterestIn showinga crackst~lng frcnna scratchIn tho sheet.

., For welds sectionednomal to the dlreotion of stress,the
failure occurrwd by tearhg through the main ~ls of tho veld
(fig.26(b)). For spotssectionedIn tho samemanner,but having
a weld spacingof 3/4 Inchmther than @ inches,discontinuous
crackswere founiparal.lolto:thsmain axis of the weld but oc-
currlmg In the dendritlcratherthanthe oqula,xedarea (fig.27).
These cracksappearedto have boon causedby fatigueratherthan
by a heavyrupturingload as in figure26(b).

~ttelle MemorialInstitute,
Columbus, Ohio.
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EACA Fig. 3

Figure 3. The Fatigue Testing Machine.
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~igure 10a..Back view B-Type compression eample loaded at 39W lbad failingat 309,600 ~cles.

....::;..,,,...,,....

~igure 10b.- Side view.
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~igure 118.. FrontviewC.Typecompressionsampleloadedat 9350lb and faili~at 11,7(X)cycles.
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Figure llce- Front vieti D-1’ype sample loaded at ‘MO lb and failing at 66,8Q0 cycles.

.

?igure lld.- Side view.



NACA Fig. la
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18275 (b) 18276 (c)
la lCK

Figure 12.

Illustration of representative spotwelds. Original samples
before testing:

(a) 0.040N - 0.040” Tension Sample
(b) 0.051” - 0.032” Compression Sample
(C) 0.032” - 0.032” Compression Sample
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lTACA Figs. 16,17

18074 .
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Figure 16.

Sample showing shear t~e failure through
spots. Sa3nple3A - 4 (6).

Figure 17.

Sample 3A - 14 (4) illustrating “button
pulling‘ttype of failure.



Figs. 18,19

18071
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●

Figure 18.

Sample 3A - 29 (4) illustrating beginning
of fatigue cracks at top of welds.

18072
lx

Figure 19.

Sample 3A -29 (6) showing propagation of
fatigue cracks. .

11



NACA Fig. 20

KgllersEtch
18277
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Figure 20.

o.040~ - 0.040n 24S-T Alclad spotwelds in
tensile specimen 3A23, sectioned both normal
and parallel to direction oftesting indi-
cating failure only in ‘directionof testing.
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(b)
,

‘KellersEtch

(c)

Figure 21.- 0.040M - 0.040@
1 24S-T Alchd

spotweld in tensile specimen
3A25 ShOWIW twical fati~e
failure under shear loading
(sectioned parallel to stress
application)● &

m.
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Fig. 22

270
50X

(a)

Kellers Etch 18271 Kellers Etch.
75x

(b)

Figure 22.

0.040U - 0.0401124wf’ Alclad epotwelds in
tensile specimen 3A24 which has been subjected to
over S,000,000 cycles at light loading without
failure, showing fcrmation and propagation of
fatigue crack from the notch formed by the Alclad
projection into th spotweld. (Parallel section-
ing.)
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Figure27

o.032~ - 0.032~~245-T Aleladspotueld
in stiffenedcompressionsampleAS sectioned
normalto directionof testing.Parallel
oracks indicated here occur only in close
spotweld spacing.

I

:

*

Kellers Etch

Figure 23.

Untested spotweld in 0.040R -
0.040” 24S-T Al tension specimen
showingelongatedpiping in area
of Alclad pro~ection.
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18268 KellersEtch
25X

Figure 25. - Two views of 0.03211- 0. 03W ~40-’S ~ apotmld In
stiffened coqression smple M next to break-

eectioned parallel to direction of streea application.
Hot e: Fatigue orack in sheet caused by nick in Alclad.

Figure 25a Figure 25b

Left hand side of weld. Right hand side of weld.
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Fig, 26

(a)

(b)

(c)

Rollers Etoh 18230
lox

Figure26

0.032H - 0.032W 24S-T Alclad SpotWeld’in 8tiffened
compression sample B4.

(a) Next to breakand sectionedparallelto direction
of te8ting.

(b) Next of break and sectioned normal to direction
of testing.

(c) Two welds from break and sectioned parallel to
direction of testing.
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